The current health care landscape requires physicians to care for extremely complex patients. As a consequence, physicians encounter challenging and/or complex situations in their practices regularly; in clinical training settings, they must help medical learners understand such challenges. The increasing complexity of both medical practice and medical teaching has prompted recent calls for more holistic approaches to medical education research, 1,2 approaches that generate "rich understandings" of the individual's interaction with the constantly evolving context in which he or she is practicing 1 (emphasis added). Context, therefore, becomes a fundamental construct for seeking to understand both what makes a situation complex and how people respond to it. How context influences physicians' responses to a situation has been the focus of many research efforts in medical education. [3] [4] [5] Although responding to context is certainly important, the equally important question of how people perceive such context remains largely unexplored.
Several areas in medical education research have started to give explicit prominence to the notion of context. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] To illustrate, Durning and colleagues 4 have suggested that the academic medicine community's understanding of the term "context" should expand from, simply, (in our words) "static physical location or setting" to "a situation that is evolving." Context therefore becomes a fundamental construct for seeking to understand not only what makes a situation complex but also how people respond to it. Investigators studying expertise-in-context, for instance, have uncovered and articulated procedural factors that can lead to errors, 16 emotional and psychological reactions that result from adverse intraoperative events, [17] [18] [19] [20] [21] and contextual factors that influence internists' clinical reasoning. 22 This work has advanced the community's understanding of how experts respond to and make decisions under the influence of multiple competing contextual factors. However, an appreciation of how experts perceive those factors is necessary to explore why they respond as they do. If the goal is to train novices to effectively deal with complexity, the academic medicine community requires an understanding of what complexity really means for those in charge of the training.
In this report, we use a systems engineering (SE) approach 23 to begin to address the question of how people perceive contextual influences. One key premise in SE is that of "perspectives," the unique viewpoints from which particular dimensions of a situation can be understood. 23 The notion of "perspectives" in SE is particularly useful for identifying multiple dimensions beyond those that are explicitly valued in a particular domain. The surgical literature suggests that a dominant dimension is the procedural one 24 
Method
The authors relied on visual methods for this research. In 2013, they collected 40 snapshots (i.e., data sets) from a purposeful sample of five faculty surgeons through a combination of interviews, observations, and drawing sessions. The analytical process involved three phases: analysis of each drawing, a compare-andcontrast analysis of multiple drawings, and a team analysis conducted in collaboration with three participating surgeons.
Results
Findings demonstrate that experts perceive the challenge of surgical situations to extend beyond their procedural dimensions to include unspoken, nonprocedural dimensions-specifically, team dynamics, trust, emotions, and external pressures.
Conclusions
Findings show that analysis of surgeons' drawings is an effective means of gaining insight into surgeons' perceptions. The findings refine the common belief that procedural complexity is what makes a surgery challenging for expert surgeons. Focusing exclusively on the procedure during training may put trainees at risk of missing the "big picture." Understanding the multidimensionality of medical challenges and having a language to discuss these both verbally and visually will facilitate teaching around challenging situations.
these dimensions, and how do they influence expert surgeons' perspectives of complex, challenging situations? We anticipate that such an understanding will not only further enrich conversations between trainers and trainees about complex situations in medicine but also illuminate how experts understand these situations and how best to train novices to navigate them effectively.
Method
Our SE research approach relies on visual methods. 26, 27 We have previously demonstrated the usefulness of combining visual tools with interviews to uncover the evolving and emerging nonprocedural dimensions of complex and challenging situations in expert practice. 28 In this report, our goal is to describe those dimensions from the perspective of surgical experts. Here, we summarize our methods in order to provide necessary background for the analytical approach we designed and implemented.
The Health Sciences Research Ethics Board of Western University approved the following research design. In 2013, we sampled faculty surgeons purposively to include rich informants from four surgical specialties (hepatobiliary, colorectal, cardiac, and vascular) at two academic hospitals, who were willing to reflect on their surgical experiences. We collected 40 snapshots 28 (i.e., sets of data points from a particular point in time) from five surgeons. In this study, we used these snapshots to capture particular moments during which surgeons reflected on their understanding of how a challenging situation evolved. Each situation consisted of four snapshots: (1) a preoperative one-on-one interview in which surgeons verbally shared their perspectives on the potential challenges that they anticipated would play a role in the situation; (2) an intraoperative observation through which we documented the evolution of the situation, including both the participating surgeon's actions and any team interactions within the boundaries of the operating room; (3) a postoperative one-on-one interview in which surgeons verbally described how, from their perspective, the situation, including any unanticipated events, actually played out; and (4) a postoperative drawing, completed within a week of the surgical case, along with an interview about the drawing, through which surgeons visually represented and described, from their perspective, the complexity of the situation as it evolved. In this study we used a particular type of drawing or visual method called "Rich Picture" 26 to attempt to capture surgeons' perspectives in ways that interviews alone cannot. 28, 29 All of the semistructured interviews (contact authors for the interview protocol) were performed in person and lasted between 30 and 60 minutes. We audio recorded the interviews, and the transcripts were anonymized.
This report focuses on our analysis of the drawings or "rich pictures," triangulated 30 both by analysis of the preop and postop interviews and by the intraoperative observations. Two members of the research team with professional backgrounds in engineering (S.M.C.) and the arts (S.J.B.) led the data analysis using an aesthetic approach to visual analysis. 28, 31, 32 The analytical process involved three phases: (1) individual aesthetic analysis of each drawing, followed by (2) a compare-andcontrast analysis of multiple drawings, and finally (3) a team analysis conducted in collaboration with participating key informants (key informants are experts; in our case, they were experienced surgeons, regarded as highly insightful by their peers, who were also participants in the study). The combination of outsider (i.e., researcher) and insider (i.e., surgeon participant) analytic perspectives was purposeful and reflective of the constructivist epistemology 33 underpinning our research. Our analytical process was guided by a set of analytical questions, which we had previously developed as part of an innovative visual methodology. 28 In Phase 1, we developed an inductive description of the individual drawings by, first, focusing on the concrete elements in each, and moving gradually to considering the meaning of the elements individually and in relation to other elements. Our goal was to understand the overall story the drawing presented.
In Phase 2, we engaged in a crosscomparison of multiple drawings to identify common visual elements and to begin exploring dimensions shared across the drawings (and stories). Those dimensions constituted the emergent themes of the study (described in Results, below).
We conducted Phase 3 in the form of a team exercise, reflecting our epistemological stance to visual analysis by which the visual is treated as a social construction, a product of the encounter between researcher and research participant. 31 Three of the five participating surgeons participated in a return-of-findings session designed to explore their viewpoints on our analytical results from Phase 1 and Phase 2 (the remaining two surgeons had scheduling conflicts that precluded their participation). We held these follow-up sessions with participants in order to achieve consensus in the interpretation and analysis of the data.
Throughout the analysis, to ensure the quality of our study, we used various criteria of rigor, including reciprocity, reflexivity, resonance, triangulation of data among researchers and participants, and the formation of an audit trail of the analytical process. [34] [35] [36] 
Results
Our data set consists of snapshots from different points in time that capture the perspectives of experienced surgeons on specific complex and challenging operations. Taken together, the data illustrate multiple dimensions of complexity: procedural, team dynamics, trust, emotions, and external pressures. Whereas the interviews were dominated by the procedural dimension, the drawings revealed primarily the nonprocedural dimensions. In their interviews about their drawings, the participating surgeons often described these dimensions as pivotal factors, the factors that actually determined the level of challenge. These nonprocedural dimensions were powerfully depicted in the drawings through visual metaphors, such as a castaway, a sports field, and William Tell and the apple. Below we discuss the four main nonprocedural dimensions identified in our studyteam dynamics, trust, emotions, and external pressures-illustrating each with representative pictorial elements from the rich pictures ( Figure 1A -1J) as well as with quotes from the interviews.
Team dynamics
Team dynamics-which we define as the factors that influence the behavior and performance of a group-was a common nonprocedural dimension. In fact, the dimension of team dynamics appeared in almost every rich picture. Some of the participating surgeons evoked sports analogies to compare the surgical team with sports teams. For example, the following quote, paired with Figure 1A , illustrates how one surgeon used a soccer analogy to show not only the roles on the operative team but also the position of each role in relation to the patient: This is like a sport, like a game, where everybody is playing a different role in the field. And we have the anesthetist as a goalkeeper. You cannot do this without having an anesthetist. You have radiologists, you have other surgeons, students, fellows, residents, the surgeon who tries to be in the center and tries to score the goal … this is a team approach. And of course, there is going to be some rules that we have to follow and we know that there is only one shot. [Surgeon #4, drawing interview] In situations where personal interactions among team members had a direct impact on the proceedings of the operation, relationships among team roles were more explicitly represented, along with the dynamics produced by those relationships and the attributions of responsibility for any problematic dynamics. Figure 1B and this comment illustrate the importance of interactions and relationships among team members:
The day started with negative gestalt so you see the anesthetist, above the patient, looks very unhappy. And then, what happened is there's a second assistant over here, who's not the most clued-in individual on the best of days. That individual, unfortunately, clued out this morning. For instance, the operation that this individual said we planned was [operation X] instead of [operation Y]. That then led to some very negative interactions, at the beginning, between this second assistant and the anesthetist who have fought in the past, so of course, it's never just a one-off, there's always a preamble. [Surgeon #3, drawing interview]
A key dimension of complexity in challenging surgical situations was team dynamics-specifically, the roles within the team and the influence of the interactions among team members.
Trust
Trust-which we define as an interpersonal aspect of relationships among team members that involves reliance or dependence on another person-was also identified in most instances as a critical dimension of a complex surgical situation. Trust was depicted both inside and outside the operating room, particularly when surgeons purposefully sought the best people to depend on, as illustrated by Figure 1C and this accompanying comment:
In time we moved forward and the operation finished and this is the surgeon now with a more happy face going to communicate with the wife […] . And on the other hand, [in] the back of the head of the surgeon is, I'm leaving the city so there has to be very good communication. So at this meeting, a lot of residents were attending that meeting so I have to identify, according to me, the best people who I'm going to trust to look after that patient. [Surgeon #4, drawing interview]
As surgeons reflected on the dimension of trust, they used metaphors such as the legend of William Tell ( Figure 1D ) to represent the multiple lines of trust that could run among him-or herself, the patient, and the resident: The rich pictures revealed that the dimension of trust was bidirectional. Although most times surgeons described trust as something that they provide to others (e.g., residents), receiving trust (e.g., from patients) also became an important aspect they considered when reflecting on their drawings.
Emotions
Surgeons' drawings captured a range of emotions, including stress, frustration, regret, hope, sadness, and happiness. The surgeons' drawings featured not only their own emotions but also those of the patient, the patient's family, and the surgeon's family. Additionally, surgeons described and visually represented people's responses to others' emotions. For example, as variously illustrated by the following quotes and their paired drawings ( Figure 1E and Figure 1F , respectively), the feelings of frustration and loneliness in surgeons who had to make potentially controversial decisions were sometimes related to feelings of hope in the patient's family.
On one end, there's this big amorphous thing called cancer which is pulling in one direction, and on the other is the family pulling in the opposite direction, not wanting to give up.… There is a battle. It's when families and patients haven't come to peace with what's going on and they want you to do things that, in some ways you feel are not potentially beneficial and it becomes a very difficult thing. [Surgeon #1, drawing interview; Figure 1E ] This is a person standing on an island saying that they're so alone, because when you're in that situation you have to make these decisions. You have to read the consequences for your decisions and no one else is there, really, with you. And sometimes, patients and their families put you in that situation where they say, What do you think he should do? It's up to them to decide. I see my job as giving them information and they're supposed to decide. But often families in this situation will put you on that island because they don't want to be the ones responsible for making the decision. [Surgeon #1, drawing interview; Figure 1F ] Emotions were not limited to the patient's situation; some drawings highlighted emotional aspects of the surgeon's personal situation as a factor in complexity. As described below and illustrated in Figure 1G , the attention that a patient requires sometimes conflicts with the surgeon's private life, prompting reflection on the emotional complexity of this balance: This is my house and this is my wife sleeping alone. There is no husband because the husband is sitting in the chair looking at the computer, talking on the telephone, to know how the patient is doing. But the wife is very important. It's like a rubber band-you can expand it or not to have support-without that it wouldn't be possible. [Surgeon #4, drawing interview] Emotion was a prevalent dimensionpresent, like team dynamics, in almost all drawings. Although describing the emotional impact of a situation caused some uneasiness in the surgeons, many commented on the power of disclosing and sharing the emotional aspects of complexity in surgery. One surgeon admitted in the team analysis meeting (Phase 3), "In all honesty, I still feel a little bit like you're letting someone see a little less-veneered version of yourself," but another acknowledged in the same meeting, "most people will be almost semirelieved if [they sense] that there are other people [who] feel the same way."
External pressures
Another recurrent dimension depicted in the drawings was external pressures, which we define as issues other than the technicalities of the operation that create additional responsibilities. Sources of external pressure include institutions, peers or other team members, leadership or teaching responsibilities, and the need to manage one's reputation. External pressures were visually represented as groups of pictorial elements around the surgeon, as opposed to isolated pictorial elements. Figure 1H and the accompanying explanation illustrate:
[T]here are some external things that are pushing especially when we do an operation of this type where no one else is doing this in North America. There [are] a lot of people watching you and they want to know your results, sometimes for positive and sometimes for negative things, so the division, the department, the hospital institution [are] watching you for good things and for bad things. This is kind of a storm and there can be some lightning and it can be raining on top of your head. You are under the loop and they are watching you. [Surgeon #4, drawing interview] As mentioned, the participating surgeons mentioned the need to protect their professional image as a source of pressure. One described that particular pressure as the feeling of "stand[ing] in the middle," facing judgment ( Figure 1I ).
Based on my decision making, I'm going to stand in the middle there [in morbidity and mortality rounds], even though that doesn't really happen but that's what it feels like. And people may be standing around saying, why did you even bother operating on this person? What were you thinking when you did this, this is ridiculous? You've created a problem where there was no problem. [Surgeon #1, drawing interview] Another source of pressure was the surgeons' awareness of the growing impact of their work ( Figure 1J ): I think pioneering this in the country is good for our city, for our university, for the patients, for myself, for my division and for my department. It's a personal satisfaction and self-fulfillment. Nationally, we have been traveling and giving some presentations and lectures on this procedure in 10 cities in the country so far. So that's the reason of doing it and so far, the more cases we do, the more solid that I feel. [Surgeon #4, drawing interview] Although the rich pictures revealed different sources of external pressure, all surgeons, independent of specialty, experienced this dimension of complexity, especially when engaged in a high-risk situation.
Discussion
Our results demonstrate that experts perceive the complexity of a surgical situation to extend far beyond its procedural dimension. This finding offers an important refinement of the common belief that procedural complexity is what makes a surgery challenging for expert surgeons. The visual method of drawing rich pictures was a successful way of gaining insight into the unspoken, nonprocedural dimensions that surgeons perceive in complex surgical situations. Interviews, according to the surgeons, allowed them the opportunity to recall events, whereas drawing provided them with an opportunity to reflect on the overall situation and on new things they encountered or learned that may shape how they understand other complex situations in the future. To illustrate, one surgeon commented during the team analysis meeting (Phase 3) that "drawing is an opportunity to reflect on what happened; rather than to just list step one, step two, step three." Surgeons frequently apologized for their "not too perfect artwork," and they reported being taken out of their comfort zones by the request to draw. Nonetheless, they all commented that having time for themselves, to think and to draw, was a liberating experience. Further, all participants characterized the sharing of their pictures as an opportunity to disclose what was really important to them.
We acknowledge that using this visualbased approach to conduct research on a larger scale may not be feasible because of the labor intensity for participants and researchers alike. The innovative methodology we developed 28 requires participants to devote about two hours to interviewing and drawing per observed case, and an additional two hours for analytical group discussions. Given the nature of surgeons' work, which includes a very full clinical agenda, the required amount of engagement time may prevent some potential participants from taking part in a similar study. Additionally, the analytical time spent by researchers has been estimated at around six hours per surgical case. These time requirements are substantial; however, as the SE literature shows, exploring complexity requires both a detailed and a contextually sensitive exploratory approach. [37] [38] [39] Such an approach requires progressively deeper, and therefore longer-term, engagement by researchers and participants to foster a coconstructed understanding of a situation as it evolves. We consequently suggest that our SE research approach to better understanding complexity is appropriate for only small-scale studies around very focused questions.
Although the procedural dimension of surgery is well described in the literature, some authors have recently begun to explore the emotional dimension of surgery, particularly as it relates to professional identity and institutional culture. [17] [18] [19] [20] [21] With its different research focus-around complexity-our study has also identified an emotional dimension, but has moved further by offering rich insights into three additional heretofore unexplored dimensions of complexity in surgical situations (team dynamics, trust, and external pressures). We suspect that these findings were possible because of the methodological innovation we implemented. To our knowledge, this is the first study to move beyond interviewing and observing expert surgeons, to having them draw. Visual methods, such as drawings, have only recently begun to be recognized as useful research tools when the goal is to "invite stories" rather than "request reports" from participants. 40, 41 Drawing affords participants the opportunity to express a broader range (or more dimensions) of a challenging or complex situation by allowing them to attend to whole-part relationships within the situation. 41 In particular, drawings are a source of metaphors that help spark insights. 41, 42 In our study, surgeons extensively commented on how visual metaphors helped them articulate aspects of their stories that they found difficult to explain with words alone, particularly aspects that emerged from the interaction between the procedural and the nonprocedural dimensions. For example, the surgeon who used a William Tell metaphor revealed that it is not just a matter of making the correct procedural decision but that it is also about how trust influences what is the right procedural decision.
As in verbal communication, 43 we anticipate that "silences" or "absences" will-and should-occur in visual communication. People hold particular reasons to decide what to draw or not to draw. In our study, for instance, the academic aspects of the surgeons' lives were not extensively represented in the drawings. In painting, visual silence is used as a strategy to emphasize a lack of balance between contrasting ideas (e.g., clarity versus obscurity). 44, 45 Whether or not the same notion applies to rich pictures remains an important avenue for further exploration.
Learning how to deal with complex and challenging operations in surgery is, for the most part, an "education by random opportunity" experience for trainees. 46 Given surgeons' tendency to foreground procedural elements of complexity, 24, 25 we suspect that their communications with trainees may also focus mostly on the procedural dimension. We contend that this tendency, either conscious or unconscious, may put trainees at risk for missing the big picture when performing complex operations. In complex environments such as an operating room, learning to recognize the messiness of lived experiences is a fundamental aspect of becoming an expert. 2 Understanding the multidimensionality of surgical complexity and having a language to verbally and visually discuss this rich multidimensionality will facilitate teaching around complex and challenging surgical operations. We anticipate that such an understanding will be useful to educators in their attempts to guide trainees as the latter navigate the multiple facets of complex and challenging situations.
